In this study, the effect of packaging methods [aerobic packaging (AP), vacuum packaging (VP) and modified atmosphere packaging (MAP: 75% N 2 , 25% CO 2 )] on colour, lipid quality and microbial growth of beef patties enhanced with flaxseed flour was investigated during storage at 2±1ºC for 10 d. L and a values of beef patties packaged in MAP and VP were higher (p<0.05) than that of the samples packaged in AP. Packaging in MAP and VP retarded the lipid oxidation (TBA value) and inhibited the bacterial growth of beef patties enhanced with flaxseed flour. Furthermore, TBA values in beef patties were correlated with a values (r = -0.340; p<0.05). Packaging in MAP was more effective than packaging in VP for inhibiting microbial growth. The samples packaged in VP lost their shape due to the compression by external atmosphere. Packaging treatment had no significant effect on saturated fatty acid (SFA), monounsaturated fatty acid (MUFA) and polyunsaturated fatty acid (PUFA) levels in beef patties. The a and b, TBA and MUFA values changed during storage time. TBA values for beef patties increased during storage time, but did not reach to the limit value (1 mg/kg) until the end of the storage time. The results suggest that the shelf life of beef patties enhanced with flaxseed flour can be extended by packaging in MAP.
Introduction
Beef is considered to be a highly nutritious and valued food. The importance of meat as a source of high biological value protein and micronutrients (including for example vitamins A, B6, B12, D, E, iron, zinc, selenium) is well recognised. However, over the last 10-15 years, these positive attributes have often been overshadowed due to the prominence given to several negative attributes. The latter include the perception that beef contains high amounts of fat which is rich in saturated fat, associations between red meat and cancer, and non-nutritional issues such as BSE (Scollan et al., 2006) . Nowadays, the meat industry tries to offer the consumer healthy products obtained by different strategies, improving the nutritional quality of food by the modification of the lipid fraction: increasing monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) fractions (Rubio et al., 2008) . Modification of the lipid fractions of meat and meat products may be achieved by addition of vegetable (Bilek and Turhan, 2009 ). Flaxseed has recently gained attention as a "functional food" because of its unique nutrient profile and potential to affect the risk and course of cardiovascular disease and some cancers, particularly hormone-dependent cancers such as prostate and breast. Flaxseed has a unique fatty acid profile. It is high in PUFA (73% of total fatty acids) and moderate in MUFA (18%). Linoleic acid, an omega-6 fatty acid, constitutes about 16% of total fatty acids, whereas α-linolenic acid constitutes about 57%, the highest of any seed oil (Bilek and Turhan, 2009 ).
Microbial growth, discolouration and lipid oxidation are important factors determining shelf life and consumer acceptance of patties. The patties can easily be contaminated by microorganisms from raw materials (ground beef and spices), equipment and employees (Ozturk et al., 2010) . Addition of flaxseed flour has been shown to increase PUFA content, mainly C18:2n-6 and C18:3n-3, in beef patties (Bilek and Turhan, 2009 ). High percentage of PUFA makes these products highly sensitive to oxidation. The oxidation process greatly reduces the nutritional value of lipids and leads to the development of undesirable rancidity and potentially toxic reaction products (Tang Rubio et al., 2008) have studied the effect of vacuum and MAP packaging on microbiological and physicochemical properties of meat and meat products. In a previous study, Bilek and Turhan (2009) investigated the enhancement of the nutritional status of beef patties by adding flaxseed flour and indicated that flaxseed flour can be used up to 6.0% for enhance the nutritional value and health benefits of beef patties with minimal changes in composition and/or sensory properties.
Therefore, our objective was to evaluate the effect of three packaging methods (aerobic packaging, vacuum packaging and MAP: 75% N 2 , 25% CO 2 ) and the storage time (1, 4, 7 and 10 d) on colour, lipid quality and microbial growth of beef patties enhanced with flaxseed flour.
Material and Methods

Preparation of beef patties
Ground beef (moisture 63.04%, fat 16.66%) and beef fat (moisture 11.28%, fat 86.76%) were purchased from a butchers shop. Flaxseed (moisture 6.57%, fat 37.65%), salt and garlic powder were purchased from a local market and flaxseed are used in the form of flour after being ground with a mill (IKA A 11, Germany). Beef patties were prepared by mixing of 82.5% ground beef, 10% beef fat, 5.0% flaxseed flour, 1.5% salt and 1.0% garlic powder for 20 min by hand with gloves. Then, patties (40 g) were formed from the mix. The formed patties were divided into three equal parts and were packaged with three methods including aerobic packaging (AP), vacuum packaging (VP) and MAP (75% N 2 , 25% CO 2 ).
Packaging of beef patties and storage For AP, seven beef patties were packaged in polyamide bags (Aksedef Plastic, Turkey). The polyamide bags had an oxygen permeability of 52. 
Fatty acid composition
Total lipids were extracted by the method of Bligh and Dyer (1959) . Fatty acid composition was determined after methylation (ISO, 1978) by GC-MS (Shimadzu model of QP2010 Plus, Japan) using a Teknokroma TR-CN 100 column (60 m × 0.25 mm I.D., 0.20 µm) (Teknokroma, Spain). The temperature of the injector port and detector was held at 250ºC. The injected volume was 1.0 µL. The carrier gas was helium at a pressure of 200 kPa. The split ratio was 1:100. The temperature of the column was held at 90ºC for 7 min, raised to 240ºC at 5 ºC/min and finally held at 240ºC for 10 min. Fatty acids were identified by comparison of their retention times with those of authentic standards (Supelco 37 Components FAME Mixture, USA) and reported as the percentage of total fatty acids determined.
Microbiological analysis
For microbiological analysis, patty samples (10 g) were transferred aseptically into individual stomacher bags, containing 90 mL of sterile saline solution (0.85% NaCl) and homogenized in a stomacher for 1 min. For each sample, appropriate serial decimal dilutions were prepared in saline solution (0.85% NaCl) and the surface plate method was used for enumeration.
The microbiological analyses made on the samples were: total aerobic mesophilic bacteria (TAMB) determined on Plate Count Agar (PCA, Merck) incubated at 25 
Statistical analysis
The data obtained from three replications were analyzed as a completely randomized design procedure using the general linear model procedure of the SPSS statistical package program (SPSS Inc., USA). The model included packaging method (AP, VP and MAP) and storage time (1, 4, 7 and 10 d) as main effects, and all their interactions. The differences among means were tested for significance (p<0.05) by Duncan's multiple range test. Furthermore, a correlation procedure (Pearson's correlation coefficient) was performed to evaluate any relationship between a and TBA values. The results of the statistical analyses were shown as mean values ± standard deviation in the tables for four storage times and three packaging methods.
Results and Discussion
Colour and TBA value The effect of packaging methods and storage time on the Hunter Lab attributes and TBA value of beef patties enhanced with flaxseed flour are shown in Table 1 . As can be seen, packaging treatment had a significant (p< 0.01) effect on lightness (L value) and beef patties packaged in MAP and VP were lighter (p<0.05) than the samples packaged in AP. An interaction (p<0.05) of the packaging methods × storage time was observed for L value, which is shown in Fig. 1 . This figure illustrates Redness (a value) is used as an indicator of colour stability in meat and meat products. As shown in Table 1 , packaging treatment, storage time and interaction of packaging methods × storage time had very significant effects (p<0.01) on a value. Redness of beef patties packaged in MAP and VP were higher (p<0.05) than that of the samples packaged in AP, and this could be attributable to oxidative reaction caused by oxygen. MoralesdelaNuez et al. Packaging methods had no significant effect (p>0.05), while storage time had a significant effect (p<0.05) on b value of beef patties enhanced with flaxseed flour (Table   1) .
Lipid oxidation promotes rancidity problems which are considered unpleasant for consumers and is related to the discolouration of meat (Parra et al., 2010) . TBA test is one of the most widely used tests for evaluating the extent of lipid oxidation (Nawar, 1996) . As shown in Table 1 mainly C18:2n-6 and C18:3n-3, probably made beef patties enhanced with flaxseed more susceptible to oxidation. Also, heme iron is one of the main catalysts for oxidative rancidity in meats (Seydim et al., 2006) . According to Ockerman (1976) meat products with MDA concentration higher than 1 mg/kg are considered rancid. MDA contents of beef patties enhanced with flaxseed flour did not reach this value until the end of the storage time.
On the other hand, Pearson's correlation test indicated that TBA values were correlated with a values (r = -0.340; p<0.05). These results indicated that TBA value may be used as indicator of discolouration in beef patties. Similarly, Parra et al. (2010) reported that a significant correlation was found between a and TBARs values (p<0.001; r = -0.197).
Fatty acid composition
The effect of packaging methods and storage time on the saturated fatty acid (SFA), MUFA and PUFA composition of beef patties enhanced with flaxseed flour are shown in Tables 2, 3 and 4, respectively. The fatty acid compositions were similar among the treatment groups (p>0.05). These results agree with those pointed out by Rubio et al. (2008) , who did not find differences among packaging systems (vacuum and 20% CO 2 /80% N 2 ) for C14:0, C16:0, C16:1, C17:0, C18:0, C18:1, C18:2, C18:3 and C20:1 in dry fermented sausages manufactured with a high level of mono and polyunsaturated fatty acids. In all beef patties enhanced with flaxseed flour the predominant SFA were palmitic (16:0) and stearic acid (18:0), the most abundant MUFA was oleic acid (18:1n-9) and the predominant PUFA were linoleic (18:2n-6c) and lino- 
Microbiological analysis
Very significant effect (p<0.01) of packaging methods on total aerobic mesophilic bacteria (TAMB) counts can be seen in Table 5 . The lowest TAMB count was observed in the beef patties packaged in MAP, while the highest TAMB count was observed in the beef patties packaged in AP (p<0.05). The TAMB count of beef patties packaged in VP was lower than that of the beef patties packaged in AP (p<0.05). Storage time had a very significant (p<0.01) effect of TAMB counts. Also, an interaction (p<0.05) between packaging methods and storage time noted for TAMB counts is shown in Fig. 3 . According to this figure, the initial TAMB counts in the beef patties were quite high possible because of a high level of con- 
Values are means ± standard deviation of three replicates. 1) PUFA, Polyunsaturated fatty acids (C18:2n-6t+C18:2n-6c+C18:3n-6+C18:3n-3+C20:3n-3) 2) AP, Aerobic packaging 3) VP, Vacuum packaging 4) MAP, Modified atmosphere packaging (75% N 2 , 25% CO 2 ) 5) NS, Not significant (p>0.05). (Table 5 ). Similar to TAMB counts, the lowest psychrotrophic bacterial count was in the beef patties packaged in MAP and the highest in the sample packaged in AP. The psychrotrophic bacterial count of beef patties packaged in VP was lower than that of the beef patties packaged in AP (p<0.05). The initial psychrotrophic bacterial counts of the samples packaged in MAP, VP and AP was found to be average 6.85 Log CFU/g. Storage time had very significant (p<0.01) effect of psychrotrophic bacterial counts (Table 5 ) and psychrotrophic bacterial counts in all beef patties increased during storage time. The increase of psychrotrophic bacteria counts was similar to TAMB counts. Coliform bacteria are important microbiological sanitary indicators, which emphasizes hygiene in processing and handling of products (Filimon et al., 2010) . As indicated in Table 5 , both packaging methods (p<0.01) and storage time (p<0.05) had a significant effect on coliform bacterial counts. The lowest coliform bacteria count observed the sample packaged in MAP was 3.51 Log CFU/ g, while the highest coliform bacteria was observed in the beef patties packaged in AP (p<0.05). Similar to TAMB and psychrotrophic bacteria counts, the coliform bacteria counts of beef patties packaged in VP was lower than that of the beef patties packaged in AP (p<0.05). During storage time for 10 d, coliform bacteria counts for beef patties increased steadily from 3.26 Log CFU/g to 4.44 Log CFU/g (p<0.05) ( Table 5 ). Coliform counts were greater than the acceptable limit (3 Log CFU/g) in all storage times possible because of a high level of contamination in the ground beef, beef fat, flaxseed flour and garlic powder. Packaging methods × storage time interaction also had very significant effects (p<0.01) on coliform bacteria counts. According to the Fig. 4 , there was an increase in coliform bacteria counts of all patty samples during storage time and the increase in beef patties packaged in MAP was lower than that of others. According to these results, among the packaging methods studied, packaging in MAP had a significant effect on inhibiting of coliform bacteria and it was followed by packaging in VP. Delaying of coliform bacteria growth in meat and fish packaged in MAP including various CO 2 contents was also previous reported in some studies i.e. in red claw crayfish tails (Chen et al., 2007) , in minced beef meat and in Baltic herring fillets (Randell et al., 1997).
Staphylococcus aureus is a common pathogen that causes foodborne illness. Very significant effects (p<0.01) of packaging methods on S. aureus counts can be seen in Table 5 . The highest count (3.02 Log CFU/g) was in samples packaging in AP and counts were greater than the maximum value (3 Log CFU/g) (Saucier et al., 2000) . The lowest S. aureus count was observed in samples packaging in VP was 2.69 Log CFU/g, but no significant difference with packaging in MAP was observed (p>0.05). Storage time had a very significant effect (p<0.01) on S. aureus counts. S. aureus count increased steadily until the 7 d of storage (p<0.05) and then, began to decrease. According to these results, among the packaging methods studied, packaging in VP and MAP had a significant effect on inhibiting of S. aureus.
The results of this study indicate that the shelf life of beef patties enhanced with flaxseed flour can be extended by packaging in MAP (75% N 2 , 25% CO 2 ). This increase in shelf life is due to the reduction of not only microbial growth but also lipid oxidation. While, VP maintained the colour properties and lipid oxidation of beef patties, did not give good results in terms of the microbial growth. Furthermore, the samples packaged in VP lost their shape because of the compression by external atmosphere. Finally, the initial high microorganism counts of beef patties reduced the effectiveness of packaging methods.
